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Materials
All chemicals commercially available were used without further purification unless otherwise noted. RuCl 3 (38.220 wt% Ru) was purchased from Tanaka Kikinzoku Kogyo K.K. 4,7-dimethyl-1,10-phenanthroline (Me 2 phen, 98%), 4,4'-dimethoxy-2,2'-bipyridine ((MeO) 2 bpy, 97%), Ag 2 SO 4 (99.9%), and (NH 4 ) 2 SO 4 (99.99%) Pluronic ® P-123, Triton ® X-100, Nafion ® perfluorinated membrane (Nafion ® 117) were supplied from Aldrich Chemicals. Oxo [5,10,15,20-tetra(4-pyridyl) 
Synthesis of WO 3
WO 3 was synthesised according to the published method. pulses with a pre-dispersive monochromator (MD200, Unisoku) which is asynchronous with a pump pulse were irradiated on the sample and the beams transmitted through the sample and its reference beam were detected by InGaAs-photodiodes (G10899-01K, 400-1600 nm, Hamamatsu). A post-dispersive monochromator (CM110, Spectral Products) were positioned before the detector to minimize fluorescence signals from the sample. Si PIN photodiodes (S5972, Hamamatsu) were used to pick up the pump pulse and the probe pulses and to evaluate delay-times between them in a shot-by-shot manner.
All photodiodes' outputs are recorded with a digitizing oscilloscope (HDO8038, Teledyne Lecroy) then transferred to a PC to construct the TA temporal profile. Time resolution of the system was estimated at 400 ps from the 10-90% rise time.
Photocurrent measurements
For Ru complexes, photocurrent was observed under photoirradiation of Ru complexes transmitting λ > 420 nm at room temperature.
Electrochemical water oxidation reaction
Electrochemical water oxidation reaction using semiconductor electrodes as catalysts was performed in an aqueous solution of Sc(NO 3 ) 3 (100 mM) at 298 K using a conventional -ESI page S10 - during photocurrent generation at an applied potential of 0.52 V vs SCE.
-ESI page S14 - 
